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This report was initially published in the 10th Weather Squadron, 

USAAF> by 1st Lt. (now Captain) Donald E. Martin and M/Sgt*  (now 1st Lt.). 

Paul W* Bauer,. _ who were at that time forecasters in India. The purpose 

of the study was to present certain practical aids to forecasting fog 

in the Brahmaputra Valley and to aid in indoctrinating new. personnel*  . 

The method outlined in.jthis report was used successfully by numer- 

ous forecasters in India during World t/ar It* Recently, some modifica- 

tions of the teehSique häye  been made by Captain Martiü since it ig, felt 

that the ;same general approach for forecasting radiation f Ojg^cag be 

.applied in; Many othef ps**ts- Of the worlds It must be stressed,-,^however, 

that the]- forecaster must always take into^account the.- local: cpnditigns 

of -any particular airfield since peculiarities in terrain or circulation- _ 

wiir mäteriäily influehcö the time of formation .and the intensity of the' 

"fogy  _   ;  -     -        •-.""..--.---        ' " "-""•--.-7 — -- - --. 

Headquarters, 0S 
March 1951 
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I. CONDITIONS FAVORABLE FOR FOG FORMATION. 
IN THE BRAHMAPUTRA VAÜEY IN WINTER 

Throughout the length of the Brahmaputra Valley conditions are 

ideal for the formation of radiation fog during the fall and early 

winter months. The cifcuiation is governed by the Northeast Monsoon 

which produces a weak, northeasterly wind flow over the region. The 

wind yelocity is sufficient "to sti*" the air during the hours of fog 

and to cause conduction cooling in the lower levels. The topography 

of the valley is smooth and level i. Sufficient moisture is available 

from the .broad ejqpänses of  the Br'aiÄpütra River ^-nearly stagnant at 

this: seasoh, /to:-.-allow theJL'oweir: layers, of air to fofm aerial 1-akeör 

.necessary for the .formation of this- fög. Also*- traaspiratioa._Of the 

Thiele masses of jungle vegetation adds to; the moisture already present 

in. the air.. . .'" V " _ _ 

The upper air situation if" typical of a .continental high?,. wli;h 

subsidence inversions -and stable lapse rates. Any ^.Ipüds thä-t form 

in. the early afternoon fey eonvectiye activity are usually dwarfed in 

their, development. The average .number of miles_of wind per day is 

äpprojg-imat.ely'75 tö iQOj and* since.there is a good network of reports 

-throughout the valley, it is easy to figure the trajectory of the air. 

During this season of the year, the haze ändjthe accumulated smoke 

from the many Indian fires are sufficient to act as condensation 

huclla-i- "So? the fog. 

f?*m>i'. 
The forecasting, method described below was used at Lalmanir Hat 

to forecast- the formation of radiation- fog. La3manir Hat haa a latitude 
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of 29G53"K and a longitude of 89 26*E'. The station is situated at a 

height of 106 feet above sea level. A small body of water is located 

immediately to the north of the station. The runways of the landing 

field are concrete and are oriented from east to west. The fog begins 

to form over the hills and drains into the river valleys where it ac- 

cumulates and spreads over the runways with the light northeasterly 

winds" of "thTsTseason. When due consideration had been, given to local 

conditions, and a thorough analysis made of the synoptic weather data,, 

it was found possible to forecast this fog for 24- to 3.0 hours in advance 

.with ä high degree of accuracy. This method was later checked against, 

the records, of the other valley? stations and found to be essentially 

•ägp;ii-Qäble t§:' them-äs weüli 1   -  .   :    ' 

II. FOG FORECASTING El THE USE OF POTENTIAL, TETffERATtffiE 
•AT THE vbimGTim  CONDENSATION- LEU;, -" 

It was assumed that if two variables. which_apsijpelate.d to the ^con- 

ditions necessary for the formation Of this fog could be found, a vari-^ 

ance in these would be invaluable in determining "the actual time of fog 

formation.. -     ---------     ^' ~ — 

_ ._  Potential temperature is a relatively"conservative property of an 

äir mass. It is ä function Of temperature and pressure and varies :by 

the advsetion of warm or cold air.. Cold-air advectioh will cause a 

potential-temperature line to intersect the radiosonde curve at ä higher 

level,' and va^-air advec'tion will create a reverse situation,- Asfum« 

ing dry-adiabatic conditloiis down from' the convective elptid. level,..a 

close estimate of the. maximum temperature"for that 'day,may be calculated. 
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The thickness of this adiabatic lapse rate, i.e. the distance from the 

surface to the convective-cloud level gerorns bhe extent of the vex-bi- 

P       __.._ cal mixing in the lower layers. .Also, when this .condensation level is 

lower, more clouds may be expected to form which will reflect much of 

the .day time radiation from the sun into- space. 

The connective condensation level is the-height at which air reached 

;_""""  saturation when heated from 'öelövf tö 'säaE an extent that it ascends 

adiabatieally because of instability forces-. This level is a function _ 

of the amount of moisture,? the temperature^ and the pressure of the air, 

-  and is related tp the amöiuji. of vertical motion in the Ipwä? layers of 

the ataosphefei Therefore, the pöt|a^.al ^mperatarejt this level.        _   r% 

- '  ,- sfioiüid'be an. invaluable factor-in the prediction of fog., Wh#h sucjiin- 

förmätiön is- further .supplemented by a thorough. knowledge of local topo- 

graphy arid ä. detailed analysis of _the. upper air for cloudiness,and the 

lower air for stability, accurate fog forecasts can be made. 

Increased moisture in the surface layers causes ä lower c.Onvective 

condensation level, and ä lesser height to. which this- moisture is trans?- 

porte;d aloft, .byjfcürbjoltönce.. Therefore, the larger the concentration Of 

  /moisture in the löwer levels, the earlier the time at night when condi- 

tions are .suitable for the formation, of fog... Conversely, a, decreased 

concönträtion of moisture in the surface, layers causes a high condensa- 

tion level^änd' a transport of moisture to higher levels*- The formation 

|pr of fog is thus delayed because the .spread between the maximum, daytime 

temperature and^th^'de^^^t^^iaperature is increased. On .nights .£öl~. 

lowing days, with low öonvective condensation level, the saturation-: 

:::.;: 
"tfmperature is reached early^and the^ nocturnal inversion is^älloVed^tö .--.-        - - -M 

• t^fl     •!•• 
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intensity.,    Fog, therefore, forms earlier-and is more persistent« --1 • 
-                                                                                                    - • »v 

A graph was made of" the potential temperature at the conveetive \ 

condensation level versus the time when fog formation reduced-the vis- $ 

||--         ibility to less than one mile (Fig. 1).* Using this diagram in-connec- [J 

tion with the evening sounding, a reasonably accurate,forecast ^ceu3.d % 

"be made from 24 to 30 hours in advance. By comparing such a forecast - -  __ - . .Ii| 

with the actual conditions which occurred durä-ng;j"th.eJperiod;of the    ,./ _,-- • -t  ;j;s 

forecast, it was possible to deduce the foilövringf method,.for making ^-_- "-.-- ,tX 

-"7 :: shorter dränge forecasts-.  --      ..'-'- =-/ - % ;  '--   '- .... -.  ' e>5.-5J'-:-' ' .Jf 

In the ^"ternöön, during the^bime of- 'jnMiigäii c&yection,Kthe nature^ 

-of -clie ;sigr'Wäs thörc<iglily_.studied and the heighi;. of the; eonvecMve- 

clouds -was deteiiiiMedi _Th|s ^as. ascertained froxif- balloon r^s.-accui'a^e-..- 

pi^t reborts^^aM from the use of the formula -4 .,4h = 1,0)00; J^fllT^) where 

T -is temperature in degreesr Fahrenheit and ;%T: is- dewppint tepiperatur.e * _ 

Äghärt was cönstrücte:d based.-on this formula. ('Fig. 2j) which^gave the" 

height in- terms Of the temperature-dewpoiht spread-i This height was 

then noted on-the previous räob to determine the trend, of the convective.... 

condensation level* If the trend was found to flowerr  a forecast was made 

using the new-potential temperature onJFig. 1. With a ^lowering trendy 

-conditions were more favorable for heavy fog formation,. A rising trend ~ 

""produced opposite results._the shorter-range forecast was found to be 

*  The dispersioD cf data used in »he  construction öf "Fig* 1 is no longer *kl 

available and' was not "iöc'lüdedLJ.-n:. the origiiial.' 10th ;%ather "Squadron 

report diie to reproduction difficulties. It -may be -st#teJL, however «u 

3ft 

tsäinche-" points wejre closely clustered around the smoothed curve-, i-; , :.£$• 
-"•"-'.'-.      "    -      -" ~.~'""~~~" ZZ- -. -1-.."". ^    . _'.    •"       -•    --j:;    -     - ~-'^| 
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" FIG.'.2s    Gliart shQ^4nk.*b§.'ii63.gfi.t of the Ja&s? ;b£ cqn^eetflzf<a|ouäs. in. terms-       

•fbtm^Iäi   7   '&.£& *£,-0bO(T - ,k7$, where.; jl* is temperature "in degrees /irä^enjäeit "" 
r and•'"•% is- dei«point-temperratura/* ". '  /• 
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Fj_ particularly valuable on days when rain had increased the moisture con- 

tent in the air after the evening raob was taken. Such a forecast also 
2k- 
S3« 

'&-. 
served äs a cheelc on the longer-range forecast, which may have been al- 

i 

III tered by-unforeseen changes in synoptic conditions. 

f\- The convective condensation level was determined on the adiabatic 
k> . -   .   .     __,-.                     . _ •                        - 
g chart by finding the point on the sounding where the saturated mixxng 

ii& "ratio Tine, having a value equal to the average mixing ratio in the first 
R -.  . . -       -      •"     -        --'.-••        "•"••..-.'   "• 

es- 

= IdLlonieter abpv& the surface, intersected the; sounding. 

JFor stations not haying raobs,.,the convective condensation le.vel 

Wsifpund fräs. the_ afternoon /observations .and plotted' on a_ neighboring 

."_""""     seünCihlr to deteiSs^ne the ;poteiita.ai temperature value,.       - _____ . 

10[     r      ,       tln practigal application,, the forecasters; at. Jqrhät fguää that 

|Va absolute pressure values, at the convective condensation level__gave cos•_ 

^" parable results to. the potential temperature parameter. JEhe forecasters 

L.;r ät Chabua preferred- the absolute "height of the_cohveetlye condensation 
Wk- •'-•      ~"     7 -•- "        ~- '• '- 

level* It might be pointed out, however, that these modifications are 

very closely related to- the original,„parameter. 
%* 

13E. _____ 
i~"7-- '     --'--"        _-_    ~ •"-        -        "_ _ - "" - 

__--•-.. _______—-—III;- Tndian-Pog.-.Gharts _.  .   _.__:_'_- 

"Since air-mass conditions are_so stagnant in India, the authors  

found that climatology could be Used advantageously in forecasting.fog. 

k_   _________ _;Use was made of the long period of Indian records (over 50 years) ob- _ 

j tainedfrom the Meteorological 0bse_riratp5.-y at Alipore* Records of thi.. 

fei _       type -should -be utilized by forecasters whenever a situation Is well 

-§f    "•'-".    .catalogued".     — ""- " "~~ ^_d___l^~- ' 
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Fog in the following charts refers to condition?; when visibilities 

were reduced below 3,300 feet* The following is an explanation of the 

"used in the Indian fog charts, 

- Average number of days of fog 
Maximum number of days of fog in any one year 
Minimum number of days of fog iia any one year 
Average duration of fog when it occurs (in hours) 
Maximum duratxpri of "Tog inTany individual occasion- 
Mhimum duration of fog on any individual-. occasion 
Earliest time of commencement of fog 
Latest, time of dissipation of fog- * 
Light fog - ", 
•Moderate f{og; .       -•' -    •   .._ 
Thick fog  .'   : - '      -,"  --       "~ '-- 
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W. :.Q©iroiTI0!B, OBSERVED: DÜRM&.-THE .PASSAGE OF WAEM= M--._.'" , - 
ÖCGLtipEE» FRONTS 1W$M THE MONTHS; ÖF JANUARY AÄ FEBRUARY 

%»    An incoming aitostratus cioudlayer abö^e 10.,^Q0J5;,1'eeif.grädüäÖy' 

increases to broken or overcast condition with a noticeable increase in 

cumulus •development. 44 the afternoons» ' 

2, This aitostratus -sheet moves, from the south "or .southwest ,7 pro^ 

dUeing" broken to overcast ceilings at 8 $900 to I0~,'GO0 -f-eet. In ther 

course of six or eight hours such ceilings löwer to 3,QQG to 4,000 feet 

in intermittent rain. - "-_ '_''..-• 

"3" 

-    3.    The sky clears withjfche,' dissipation or moving off of low clouds 

and ceilings' lift gradually,. but perceptibly, and become high broken to 

high scattered. Afternoon cumulus development becomes quite noticeable 

in the more moi3J; air mass.- ' -----       "-:;  

4. For one or two days after the passage of* •such^aJDasturbänceJ 

conditions are usually favorable for the formation of scattered, to 

broken aitostratus clouds at 8,000 to. I0,.GoiLfeet between liäänight and 

OfQO i'STi li£ght inteiraittent rain frequently falls frran^Meh" clouds 

around daybreak,  ."'".-'."' _—,- —       ._ 
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ff 5. "visibilities- seldom lower below three r to four miles at any 

|'''. . time' except in -moderate- to heavy rain showers.. 

gP -   .6» Scattered thttaderstörins frequently occur in the late after» 

|p *" noon or early morning hours (Midnight to 0600 1ST) while the disturb- J 

p^: anee is present» Especially during the month of FebjTiary.      — "[""••       . ^ 

M^-^ -..,''.       7* .'Mticyelonie^ cohdltiöns .ever the area during tile period nor- ', 

f? .   maily produce ;oife^ s                                     , .._    ,_  ...x 

^ :, 

r=* 

FT? clouds and-scattered to broken lower cloud cover (due to. ciigniiüs for-. 
1 J; 

fefe 

!J^     _. _ äatiön. övgr ths^ttpühtäig?' and the blowing, of these clouds^ across thd 
V. 

IS%..   Such•'_'§.- jiearing J&ev1£täbly: produces: ail the conditions, for heavy 

:ground. feg. ..dtoigg. thevxmögMhg hojps,. _.'_...   -   -:-....  . . . . 

i V 
ES.. 

ft*. 

J ;:•'-• 

.Mile's.*    ../        . -"."'-        ^ ..-•"-.. 

""""•^-l'ögJssdbä-i-n-eäaääer öiTöleär nights if the_j5recedihg^däy was 

-. Cloudy o/- if the air had a. trajectory over moist areas« ._.  

^T~    3.-.    It, is almostT3ipossiHle"fbF cohöXQpnsi tö^arise in^the^^Iy" 

as? 
|S£.- 

••,##Ä*^ 

I _ ': 
1 

££                       .val§.:fyl..a|'e not unusuMU.   I#t#r 1700 1ST these, «clouds begin to dissi^ ",    | 

..-_,,    J     l^te^v;and by 2200 IST the sky;..clears'and remains so* -until Ö|Ö0 or piQÖÖ . ] 

r* 

ü„--^~. _-__   . .=   - -v. _.EM6,TIG&|. äISS IN: FORECASTING: göl'it TEE .       .       _ _          

fp "" /;/; v" =      "-"•"" V-: ' ••• -_.""' "      v- - • "•--.   —— -'s=' ";".:" --•":"" :-;.  ./.v-    "; -"-.-" 
|£  1|    Bain and denserfeg7 are .seldom combined»    Heavy fog may set in- 
JS£  "     " T-_.--r-----; ------- _.  - -.       .. .        --    . 

%u after the rain, stops, and. thfe Overcast clears in the evening; but. when. 
----—-.       . ~ " -  -.    . J:,^    ..     ,--. ' ...    x^& - -, 
^ .there is raitij. visibilities during the even/are seldom' less than three 

"nFl- 

f*?; -—^-' -where all fields; are closed for landings .simultaneously^ "—""-""     ~&\ 

s^f-      - - -—^-=~-.     - :    -    - • - *.   _  -        —   —      -       ." — _ .-_-..— ---    - ---        - 
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4»    Söökeratihg and JOrhat are usually the first stations to report.. 

olosed conditions, oh nights of heavy fog. 

Si    fez^piir is.so located that drainage "into; or out of th| area "is 

small enough not to be an important factor in fog-formation.,.  . .___; _= 

6.   -frequently when Jorhat is closed, Dergaon is open. , 

T.    Ghäbua, Dinjäri, and Mohanbari may be alternately open and 

elosecL a£ the patches of f pgbegin: tp form op äs they begin-, to. break, and 

4rift -with the winds.      -:-      -r~~=—;J'"7 -~ ~~-^-- •-~r. ". W: L T   _;'.•'•"' 

•   ^      ä, v Jbrhat. is- so located that fog ön^iS^e-ädg-siöent/teä .ga^k^. ST^C*  .. 

^GüM's^^e:"^sid:and;..Bi^r spf.|advoyer ^e iragway frömänj direction.   .Shi. , 

windä •most, likely to carry fog7 fSom the ;tea. :gär_äens. öcer\th| sfö'ip.s isgejüjk 

59. TpeHjpne .of two tqfpur miips per^•ftear*.._ If -ja&& ii^nä^^^hp^^^^^ \.. 

äl^öve six miles i?er hpür> fpg.jmay bfi expectp.d ^loOcpiäö'--in la%er> .. 

 '§,*    it is very important to. forecast the.- c-lpud conditions iii- mMciäg 

•a prediction as tö the. time of fög_förmatipn\..   'fhe- sotrndingSj synoptic; _.. 

•3- 

Ä : 

M'> 

''% 

mapsi 6*P*->. should be cdrgfuLly analysed.  J3tätf oh pyib^l data; -sho-ild^ 

likewise be "5öt|ä" carefully since a veering or backing of winds at the    .— 

^<äü^J:e^ir~3J^^^^s":whe;^Heirthp •c-loud& will"increase or~l|is~sip;ate?... a 

factor determined :^._.^e.jdir^ct^rF_tov^^rw^c)i- the, -winds are sha-fMngV. '.. 

.    11Q.,   By using the^ evening pibal rät. I&imarärL iHafcregiojis of ^stabil« 

ity and it 
A;-- 

below 4*000 feet ;(as determined from the hodograph] 

werTe fötmd very useful in ^recasting the. intensity of fog fetation. 

in; -xüärferent sectöpf v .Ir stability lies tö this .east or northeast.,, ,-eär^. 

ly formations „of ;heavy fog may be äh^icipäted inLthe valley.    If the. 

stability J^es" teethe äsüth, that areafis certain, to be heavily cpvlr'ecL 

ft; 
"-i»*»v1 t»**W  
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: Witn_fög*    ^ ä* ädyectfon -of cold air aloft ;seens to iriag about oon- 

.^onämpre!_f«ete.Ä:^.^^^^   ^ ;  _    • ., 

-a.: By use of tl^^^ösbäde^the level to which oonvection ^H \ 

-to' thev-Ä can be. found. The, potential.'temperature, at ;thiS' level is • : 

^|bfg-.meagre of the » of fQg. formation = underÄ^optic condi- 

:-"3?2i-:- -Me-ideal conditions fo»:fnä- ••&*•**--*.• "• -       ~ •  .L.  '-•    „=«*. +v.^. -t>, : . -. - , ^jj_: j Hi:       - f"~  ^"f l9Taa$xenc:are mcfest air near the 

isu^iac^^with: dj^-air :aioft«r 

Lit' 

i1 .>i.\. 

^  f 

3 

m 

r-f -:- 

ira~ 

:   \ 

^3^Ik-^- 

3": 

.-_  ; __-=^ .- 
" - -t 
::U- 

• _-    - 

- .V, 

- ^yjSte^psSr*- • 


	0001
	0002
	0003
	0004
	0005
	0006
	0007
	0008
	0009
	0010
	0011
	0012
	0013
	0014
	0015
	0016
	0017
	0018
	0019
	0020
	0021
	0022

